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ABSTRACT

D

ata regarding efficacy and toxicity of chimeric antigen receptor T
(CAR-T) cell therapy in the elderly, geriatric population are insufficient. In 2019, tisagenlecleucel and axicabtagene-ciloleucel were
commercially approved for relapsed/refractory diffuse large B-cell lymphoma. From May 2019 onwards, 47 relapsed/refractory diffuse large Bcell lymphoma patients, ≥70 years underwent lymphopharesis in three
Israeli centers. Elderly (n=41, mean age 76.2 years) and young (n=41,
mean age 55.4 years) patients were matched based on ECOG performance status and lactose dehydrogenase levels. There were no differences
in CD4/CD8 ratio (P=0.94), %CD4 naive (P=0.92), %CD8 naive
(P=0.44) and exhaustion markers (both HLA-DR and PD-1) between
CAR-T cell products in both cohorts. Forty-one elderly patients (87%)
received CAR-T cell infusion. There were no differences in the incidence
of grade ≥3 cytokine-release-syndrome (P=0.29), grade≥3 neurotoxicity
(P=0.54), and duration of hospitalization (P=0.55) between elderly and
younger patients. There was no difference in median D7-CAR-T cell
expansion (P=0.145). Response rates were similar between the two
groups (complete response 46% and partial response 17% in the elderly
group, P=0.337). Non-relapse mortality at 1 and 3 months was 0 in both
groups. With a median follow-up of 7 months (range, 1.3-17.2 months),
6- and 12-months progression-free and overall survival in elderly patients
were 39% and 32%, and 74% and 69%, respectively. EORTC QLQ-C30
questionnaires, obtained at 1 month, showed worsening of disability
and cancer-related-symptoms in elderly versus younger patients. We conclude that outcomes of CAR-T cell therapy are comparable between elderly, geriatric and younger patients, indicating that age as per se should
not preclude CAR-T cell administration. Longer rehabilitation therapy is
essential to improve disabilities and long-term symptoms.

Introduction
The median age of diagnosis for diffuse large cell B-cell lymphoma (DLBCL), the
most common subtype of aggressive lymphoma, is 66 years with approximately
40% of the patients above the age of 70 years (SEER cancer statistics). Advanced age
is a major risk factor for relapse and death in patients with DLBCL.1 A recent study,
evaluating the real-world outcome of DLBCL patients, reported a 52% complete
remission rate in patients older than 65 years. However 22% of these complete
responders subsequently experienced disease relapse, indicating that almost two
thirds of elderly DLBCL patients will eventually require salvage therapy.2 Although
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for selected patients both allogeneic and autologous
hematopoietic cell transplantations are curative therapeutic
options, for elderly patients who are non-transplant eligible
options are limited, and those who fail to respond/relapse
following first line therapy, die of the disease.3,4
The introduction of chimeric antigen receptor T (CAR-T)
cell therapy, providing long-term remission in 30-40% of
patients,5,6 appears to be the most powerful, if not the only
potentially curative therapy for these relapsed/refractory
(R/R) elderly DLBCL patients.
Nevertheless, elderly patients (>65-70 years old) are often
considered ineligible for CAR-T cell therapy; having a relatively poor performance status (PS) and concomitant
comorbidities, making them more susceptible for treatment-related adverse events , particularly cytokine release
syndrome (CRS) and immune effector cell-associated neurotoxicity syndrome (ICANS).7
A recent analysis, evaluating the outcome of young versus
elderly patients (age >65 years, n=27), included in the
ZUMA-1 trial after fulfilling the inclusion criteria (e.g.,
Eastern Cooperative Oncology Group performace status
[ECOG PS]= 0-1, left ventricular ejection fraction [LVEF]
>50%), reported similar rates of CRS, complete remission
(CR) and long-term remissions in both age groups.
However, the incidence of ICANS grade 3, was higher in
elderly patients.8 In addition, encouraging response rates
were also reported in several small retrospective studies,
though toxicity profile remained debatable.9-11
Hence, we aimed to retrospectively analyze the realworld data of the efficacy and toxicity profile of a nonselective population of elderly DLBCL patients treated with
CAR-T cell therapy, compared with matched younger
patients. In addition, we focused on both clinical parameters and quality of life domains, as well as on T-cell subpopulations and fitness of elderly patients, compared to
younger counterparts.

Methods
Since April 2019 tisagenlecleucel has been commercially available in Israel, while axicabtagene ciloleucel has been available
since April 2020. The national infrastructure of eligibility for CART cell therapy does not require a centralized committee to approve
the treatment. Each center has been approved by the relevant pharmaceutical companies, the MOH, and in some cases by JACIE for
the infusion of CAR-T cells. Among all three accredited centers in
Israel, we retrospectively searched the DLBCL CAR-T surveillance
database for all patients referred for CD19-directed CAR-T. The
study was performed in accordance with the Declaration of
Helsinki and was approved by the institutional ethics committee.
For referral and eligibility, lymphopheresis, bridging therapy,
and preparative regimen and supportive care sections see the
Online Supplementary Appendix.

Definitions of endpoints
Microbiological and clinical documented infections (MDI and
CDI, respectively) were defined according to the European
Conference on Infections in Leukemia (ECIL) guidelines12 and
organ dysfunction was defined as either congestive heart failure,
acute kidney injury, or atrial fibrillation. Adverse events were graded according to the National Cancer Institute Common Toxicity
Criteria Version 5.0.
Patients were monitored daily for the occurrence of CRS and
ICANS. Grading and treatment followed the American Society
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for Transplantation and Cellular Therapy (ASTCT) and
European Society for Blood and Marrow Transplantation
(EBMT) recommendations.7,13 Briefly, tocilizumab was given in
the context of fluid-resistant hypotension grade 2 CRS or low
saturation and steroids were started in cases of tocilizumabrefractory CRS or ICANS grade 2 or higher. Disease status was
evaluated by Positron emission tomography/computed tomography (PET-CT) scan, performed within 7 days prior to admission for CAR-T cell therapy, and on day 30 and 90 post CAR-T
cell infusion. Following white blood cell count recovery, patients
carried out a weekly full blood count, and monthly cytomegalo
virus (CMV) and Kaposi's sarcoma-associated herpes virus 6
(HHV6), and immunoglobulins status for the first year. The cell
therapy coordinator nurse assessed quality of life prior to, 30
days after and 90 days after infusion using the EORTC QLQC30 (version 3) questionnaires (including the following domains
– disability assessment, cancer/toxicity-associated symptoms,
emotional symptoms, overall health self-assessment, and overall
quality of life self-assessment).
For evaluation of pretreatment T-cell compartment and assessment of CAR-T cell product and persistency see the Online
Supplementary Appendix.

Statistical analysis
All consecutive patients ≥70 years (study cohort) were matched
with patients younger than 70 years (control group). Patients were
identified from a surveillance database of the participating centers.
Matching was performed according to ECOG PS at screening (0-1
vs. 2-3) and lactose dehydrogenase (LDH) blood levels prior the
infusion of CAR-T cell product (high vs. normal). Selection of these
two parameters was based on previous real-word data, published
by two different groups, confirming these parameters to predict
patient's outcome.14,15
Continuous variables were described as the mean, median, standard deviation and range of number observations, as applicable.
Categorical data were described with contingency tables including
frequency and percent. Comparison between the different baseline domains of the study cohort and counterpart control cohort
was performed using wither Pearson Chi-Square or non-parametric Student t-test, as appropriate. One-way ANOVA test with F calculation was performed to compare the quality-of-life questionnaire domains between base line, 30 days and 3 months values.
A linear regression was performed for the association between
baseline characteristics and response to CAR-T cell infusion. Cox
proportional-hazards model was performed to identify parameters
associated with progression-free survival (PFS) or overall survival
(OS). Status of disease at 1 month post CAR-T cell therapy was
analyzed as a time-dependent covariate. A two-sided P-value of
<0.05 was considered as statistically significant.

Results
Between April 2019 and October 2020, 49 patients, ≥70
years of age were screened for eligibility in three CAR-T
cell therapy centers in Israel. Two patients were ineligible
for CAR-T cell collection (ECOG=4, n=1; active hepatitis
B virus infection, n=1). Forty-seven patients (96%) were
eligible and all underwent successful apheresis. Median
time from referral to apheresis was 11 days (range, 1-71
days), with no difference in time to apheresis between
elderly and younger cohorts (mean days from referral to
apheresis 18.8 vs. 15.4, respectively, P=0.453). In six
patients (12.7%), CAR-T manufactured cell product was
not eventually infused (out of specification and terminahaematologica | 2022; 107(5)
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tion, n=3; out of specification and progression of secondary malignancy, n=1; progression of DLBCL, n=2). One
patient had an out of specification product due to low viability of CAR-T cells, however the product was infused.
Forty-one patients were given a commercial CAR-T cell
product (87% out of all patients that underwent apheresis)
and encompassed the study population. Forty-one
matched patients aged <70 years were included in the
control group. Table 1 depicts the characteristics of the
two cohorts. The mean age of the study and the control
cohorts were 76.2 (±4.4) and 55.4 (±15) years, respectively
and the median follow-up of surviving patients was 7

months (range, 1.3-17.2 months) and 7 month (range, 1.316.7months), respectively. Similar percentage of patients
in both cohorts had >2 lines of therapy prior to CAR-T cell
therapy (47.3% and 51.2%, respectively). Percentage of
patients that had a previous autologous hematopoietic cell
transplantation (HCT) and CR state at CAR-T cell infusion
was higher in the control group compared to the older
aged group. While, overall, the percentage of patients with
ECOG PS 2-3 was similar between the two groups (61%),
there was a lower percentage of patients with ECOG PS 3
in the study cohort compared to the control group (12.2%
vs. 39%), Table 1.

Table 1. Characteristics of patients

Domain
Age in years, mean (± S.D.)
Sex – Female
Product
Tisa-cel
Axi-cel
Transformed indolent lymphoma
Non-GCB subtype
ECOG performance status
0
1
2
3
Specific comorbidities
Ischemic heart disease
Hypertension
Diabetes mellitus
Smoker
Chronic kidney disease
Cerebrovascular attack
Dementia
N lines prior to CAR-T
2
3
4
5
>5
Previous autologous transplantation
Days from referring to collection, mean (±S.D.)
N cycles of collection, mean (±S.D.)
Collection efficiency, mean (±S.D.)
Days from collection to pick-up
Bridging to CAR-T infusion
None/steroids only
Chemotherapy ± radiation
Radiation
Novel agents*
Status prior to CAR-T infusion
Complete remission
Partial remission
Stable disease
Progressive disease
Not evaluated
Days from apheresis to CAR-T infusion, mean (±S.D.)
High LDH prior to CAR-T infusion
LDH (in patients with elevated values) - median, range (U/L)

Study Cohort (n=41)

Control (n=41)

P-value

76.2 (4.4)
24, 61%

55.4 (15)
23, 54%

<0.001
0.674
0.775

33 (80.5%)
8 (19.5%)
11 (26.8%)
25 (61%)

34 (82.9%)
7 (17.1%)
8 (19.5%)
21 (51%)

3 (7.3%)
13 (31.7%)
20 (48.8%)
5 (12.2%)

1 (2.4%)
15 (36.6%)
9 (22%)
16 (39%)

10 (24%)
14 (34%)
7 (17%)
3 (7.3%)
4 (9.7%)
3 (7.3%)
1 (2.4%)

7 (17%)
8 (20%)
9 (22%)
4 (9.7%)
2 (4.9%)
1 (2.4%)
1(2.4%)

22 (53.7%)
13 (31.7%)
5 (12.2%)
0 (0%)
1 (2.4%)
3 (7.3%)
18.8 (11.3)
2.46 (0.64)
52.9 (15)
4.1 (3.6)

20 (48.8%)
11 (26.8%)
4 (9.8%)
2 (4.9%)
4 (9.8%)
14 (34.1%)
15.4 (8.9)
2.4 (0.75)
55.3 (13)
5.5 (4.5)

7 (17.1%)
29 (70.7%)
3 (7.3%)
2 (4.9%)

12 (29%)
23 (56%)
5 (12.2%)
1 (2.8%)

7 (8.5%)
30 (34.1%)
3 (7.3%)
20 (48.8%)
3 (7.3%)
36.5 (12)
18 (43.9%)
548 (380-2,041)

6 (14.6%)
6 (14.6%)
11 (26.8%)
15 (36.6%)
3 (7.3%)
38.7 (12)
18 (43.9%)
575 (382-1,891)

0.432
0.29
0.187

0.41
0.14
0.58
0.69
0.39
0.61
0.61
0.453

0.003
0.453
0.696
0.530
0.232
0.417

0.017

0.453
1
0.65

GCB: germinal center B cell; LDH: lactate dehydrogenase; S.D.: standard deviation.
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Apheresis
There was no difference in the mean number of collection cycles and in the collection efficiency between the two
groups (2.46 vs. 2.4, P=0.696 and 52.9 vs. 55.3, P=0.53,
respectively). Age (as a continuous variable), advanced
ECOG PS, number of lines of therapy prior to lymphopheresis, and previous autologous HCT did not impact the
required number of collection cycles (β=0.03, 95% confidence interval[CI]: -0.28 to 0.36, P=0.801; β=0.18, 95% CI:
-0.06 to 0.54, P=0.114; β=-0.16, 95% CI: -0.02 to 0.36,
P=0.172; and β=0.13, 95% CI: -0.2 to 0.64, P=0.305, respectively). Data of T-cell subpopulations were available in 19
(46%) patients and were compared to results obtained in
younger patients (n=16, 39%), (Figure 1A to D; Online
Supplementary Figure S1). There was no difference in the
CD4/CD8 ratio between the two groups (P=0.94). There
were no differences in percentages of naïve, TCM, TEM,

and TEMRA-CD4 subpopulations in the apheresis product,
between the two groups (P=0.92, P=0.35, P=0.45, and
P=0.16, respectively). This was also true for the counterparts, CD8 subpopulations (P=0.44, P=0.35, P=0.33, and
P=0.47, respectively), Figure 1A and B. There was also no
difference in the expression of exhaustion markers by both
CD4 and CD8 cells between the apheresis products of aged
versus younger patients (P=0.172 for CD4-HLA-DR,
P=0.244 for CD4-PD-1, P=0.06 for CD8-HLA-DR, and
P=0.354 for CD8-PD-1).

Hospitalization and early toxicity
Mean days from apheresis to CAR-T cell infusion was 36.5
(standard deviation [SD] ±12) , with no difference between
the elderly and the control group (P=0.453), Table 2.
Analysis of the CAR-T cell product showed that there
were no differences in the percentages of CD4 naive, TCM,

A

B

C

D
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Figure 1. Subpopulations of T
cells in the apheresis and in the
CAR-T cell therapy product from a
portion of the study group (n=19)
and control group (n=16). (A)
Subpopulations of CD4 T cells in
apheresis product; (B) subpopulations of CD8 T cells in apheresis
product; (C) subpopulations of
CD4 T cells in the CAR-T cell therapy product; (D) subpopulations of
CD8 T cells in the CAR-T cell therapy product.
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TEM, and TEMRA subpopulations between the elderly and
the younger-patients’ group (0.48 vs. 0.29, P=0.59; 15.9 vs.
31.5, P=0.39; 82.3 vs. 67.8, P=0.42; and 1.18 vs. 0.42, P=0.42,
respectively). This was also true for the comparable CD8
subpopulations (0.67 vs. 0.39, P=0.37; 13 vs. 30.2, P=0.24;
84.7 vs. 70, P=0.28; and 1.75 vs. 0.49, P=0.32, respectively),
Figure 1C and D. There was also no difference in the
expression of exhaustion markers expressed by CD4 and
CD8 cells (69.6 vs. 83.4, P=0.39 for CD4-HLA-DR, 81.1 vs.
90.6, P=0.22 for CD4-PD-1, 86.1 vs. 92.5, P=0.30 for CD8HLA-DR, and 63.7 vs. 72.4, P=0.36 for CD8-PD-1).
Among the elderly group, there were six cases (15% of
patients) of CDI (pneumonia, n=3; cellulitis, n=2, and lineassociated tunnel infection, n=1). There were four cases
(10%) of MDI (gram negative bacteremia, n=2 and staphylococcus hominis bacteremia, n=2). Incidence of overall CDI
and MDI infections were similar between the elderly and
the control groups (26.8% and 19.5%, respectively,
P=0.301). There were no cases of exacerbation of congestive heart failure. There were three cases of acute kidney
injury (2 associated with preparative regimen and 1 associated with sepsis) and three cases of atrial fibrillation (all
associated with ongoing CRS). Incidence of organ failure
was also similar between the two groups (P=1).
Median time to CRS was in the elderly cohort was 3 days
(range, 0-6 days), similar to the control group (median 3
days [range, 1-6 days], P=0.65). Overall, there were 28 cases
(68%) of CRS (grade 1, n=9; grade 2, n=15, and grade 3,
n=4). There was no difference between the elderly and the
control group in overall CRS (69.3% in both groups,
P=0.88) and grade 3-4 CRS (9.8% vs. 7.3%, respectively,
P=0.29). Median days to ICANS was 4 days (range, 2-8
days). Overall, there were 11 cases (27%) of ICANS (grade
1, n=5; grade 2, n=5, and grade 3, n=1). There was no difference between the elderly and the control group in overall
ICANS (27.5% vs. 17.1%. respectively, P=0.48) and grade 34 ICANS (2.5% vs. 4.9%, respectively, P=0.54). History of
vascular disease or dementia did not predict occurrence of
ICANS in the elderly group (overall response [OR] 1.2, 95%
CI: 0.78-1.81, P=0.45 and OR=1.4, 95% CI: 0.81-1.63,
P=0.38, respectively). Mean doses of tocilizumab/patient
was in the two groups (1.5 vs. 0.9, respectively, P=0.484).
Similarly, the percentage of patients given steroids was similar (32.5% vs. 24.4%, respectively, P=0.596). Nine patients
(22%) required granulocyte colony-stimulating factor
(GCSF) on day 14 post CAR-T cell infusion due to delayed
count recovery, no difference was found in with the control
group (P=0.15). Mean days of admission was 23.4 (±8)
days, compared to 24.6 (±9.6) in the control group (P=0.55).

Late toxicity
Late pancytopenia occurred in nine patients (absolute
neutrophil count [ANC] only, n=2 [4.9%], platelet count
only, n=2 [4.9%], and ≥ 2 cytopenia, n=5 [12%]). No difference was found in the incidence of late cytopenia between
the two groups (P=0.399). There were five (15.2% of 32
patients with available data) patients with CMV reactivation, none had CMV disease. Two patients with continuous
CMV viremia eventually received an anti-CMV therapy (1
valgancyclovir and 1 foscarnet) with no subsequent reappearance of CMV. There were three (15% of 20 patients
with available data) patients that developed reactivation of
HHV6. Of them, one patient had ongoing grade 3 ICANS.
In this patient, HHV6-polymerase chain reaction (PCR)
obtained from the cerebrospinal fluid was positive, howevhaematologica | 2022; 107(5)

er both electroencephalogram and magnetic resonance
imaging were not suggestive of limbic encephalitis. The
patient was treated with a 3-week course of foscarnet and
steroids and subsequently recovered, however we were
unable to conclude if this was a definite HHV6 encephalitis.
The other two patients did not have clinical symptoms of
HHV6 systemic infection or encephalitis, therefore, were
only monitored until HHV6-PCR levels became negative.
Out of 21 patients with available immunoglobulin G
(IgG) levels 1 month post CAR-T cell infusion, there were
five cases (24%) with IgG levels below 400 mg/L, similar to
the control group (P=0.398), Table 2.

Quality of life
In 23 patients (56%) EORTC QLQ-C30 questionnaires
were available. Thirty-day questionnaire, compared to the
baseline questionnaire, showed increased disability in four
of five domains, increase in cancer/treatment-related symptoms in six of 11 domains and worsening of emotional
Table 2. Toxicity and response to CAR-T cell therapy

Domain

Study Cohort
(n=41)

Cytokine release syndrome
0
13 (31.7%)
1
9 (22%)
2
15 (36.6%)
3
4 (9.8%)
4
0 (0%)
Immune effector cell-associated
neurotoxicity syndrome
0
29 (72.5%)
1
5 (12.5%)
2
5 (12.5%)
3
1 (2.5%)
4
0 (0%)
N Tocilizumab (dose/patient)
1.5
Patients given steroids
14 (32.5%)
Need for GCSF on day 14
9 (22%)
Early infections
CDI
5 (12%)
MDI
6 (14.8%)
Organ dysfunction
Congestive heart failure
0 (0%)
Atrial fibrillation
3 (7.3%)
Acute kidney injury
3 (7.3%)
Days of hospitalization
23.4 (8)
Late pancytopenia
9 (22%)
IgG levels < 4 gr/L*
5 (23.8%)
Reactivation of CMV**
6 (18.8%)
Reactivation of HHV6***
3 (15%)
1- month PET/CT results
CR
19 (46%)
PR
7 (17%)
PD
13 (32%)
Progression-free survival (6 months) 39%
Overall survival (6 months)
74%

Control
(n=41)

P-value
0.881

13 (31.7%)
7 (17.1%)
18 (43.9%)
3 (7.3%)
0 (0%)
0.475
34 (82.9%)
3 (7.3%)
2 (4.9%)
2 (4.9%)
0 (0%)
0.9
10 (24.4%)
15 (36.9%)

0.484
0.258
0.112
0.301

0
8 (19.5%)
1
0 (0%)
3 (7.3%)
3 (7.3%)
24.6 (9.6)
11 (26.8%)
5 (33%)
5 (15.2%)
1 (4.3%)
24 (59%)
8 (19%)
9 (22%)
54%
76%

0.547
0.399
0.398
0.234
0.09
0.337

0.209
0.792

GCSF: granulocyte colony stimulating factor; CDI: clinical documented infections; MDI: microbiology documented infections; Ig: immunoglobulin; CMV: cytomegalovirus; HHV6: human
herpes virus 6; PET/CT: positron emmission tomography/computerized tomography; CR: complete remission; PR: partial remission; PD: disease progression. * Out of 21 patients in the study
group and 15 patients in the control group. ** Out of 32 patients in the study group and 33
patients in the control group. *** Out of 20 patients in the study group and 23 patients in the
control group.
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symptoms in four of 12 domains, while there was no
change in both overall health perception and overall quality
of life. The 3-month questionnaire, when compared to the
base-line questionnaire, showed improvement in disability
in all five domains, improvement in all cancer/treatmentrelated symptoms, improvement of emotional symptoms
in ten of 12 domains and improvement both overall health
perception (mean baseline 3.83 vs. mean 3 months 5.6, F6.007, P=0.005) and overall quality of life (mean baseline
3.87 vs. mean 3 months 5.4, F-2.68, P=0.081).

Efficacy
At date of analysis there were 31 patients (76%) alive and
16 patients (39%) in an ongoing CR state. Non-relapse mor-

tality at 1 and 3 months was 0. Expansion of CAR-T cells on
day 7 was available in 19 (46%) patients. There was no difference in the CAR-T cell blood levels between elderly and
the control group (P=0.145).
PET-CT at 1 month post CAR-T cell infusion demonstrated CR, partial remission (PR) and progressive disease (PD) in
19 (46%), 7 (17 %), and 13 (32%) patients, respectively. In
two patients the results of PET-CT are still pending. There
was no difference in the overall response rate (ORR) between
the elderly and the control group (63% vs. 78%, respectively,
P=0.337). Multivariate binary logistic model identified that
high LDH prior to admission for CAR-T cell infusion was
associated with lower chances of achieving CR state at day
30 post CAR-T cell infusion (OR: -0.8, 95% CI: 0.48-0.97,

Figure 2. Progression-free survival. Progressionfree survival after CAR-T infusion of elderly versus
young patients with diffuse large cell B-cell lymphoma.

Figure 3. Overall survival. Overall survival after CAR-T
infusion of elderly versus young patients with diffuse
large cell B-cell lymphoma.
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P=0.048). Age, sex, ECOG PS, administration of bridging
therapy and the occurrence of CRS had no impact on CR
rate.
At 3, 6, and 12 months, the projected PFS was 51%, 39%,
and 32%, respectively in the elderly group, and approached
67%, 54%, and 54%, respectively in the younger group).
Median PFS was 3.6 (95% CI: 1.6-5.6) months in the elderly
patients, while not reached in the younger group of patients
(P=0.209), Figure 2. Multivariate regression model identified
prior autologous HCT (hazard ratio [HR]: 0.208, 95% CI:
0.05-0.87, P=0.032) and a CR state 1 month post CAR-T cell
therapy (HR: -0.076, 95% CI: 0.025-0.23, P<0.001) to be associated with better PFS, while both high LDH prior infusion of
CAR-T cells (HR: -2.7, 95% CI: 1.1-6.7, P=0.03) and non-germinal center B-cell immunophenotype (HR: 2.29, 95% CI:
0.98-5.4, P=0.057) were associated with shorter PFS. Age and
ECOG PS had no impact on PFS.
At 3, 6, and 12 months, projected OS was 84%, 74%, and
69%, respectively in the elderly group, 87%, 76%, and 53%
in the younger group. Median OS was not reached in both
groups (P=0.792), Figure 3. Multivariate regression model for
OS identified a CR state 1 month post CAR-T cell therapy
(HR: 0.017, 95% CI: 0.003-0.11, P<0.001) to be associated
with increased OS, while both receiving bridging therapy
and high LDH prior to CAR-T cell nfusion (HR: 5.6, 95% CI:
0.99-32.3, P=0.05 and HR: 4.9, 95% CI: 1.5-16.1, P=0.008,
respectively) were associated with shorter OS. Age and
ECOG PS had no impact on OS.

Discussion
This study explored the characteristics and outcome of
all consecutive patients, 70 years or older, referred for
CAR-T cells during the study period, and matched these
patients with younger individuals, based on PS and LDH
prior to admission for infusion. We showed that both toxicity and efficacy are similar in elderly compared to the
younger patients.
Despite the improvement in outcomes of elderly DLBCL
patients over the last two decades, the prognosis remains
disappointing, with 2-year event-free survival of 57%.16
Unfortunately, response rates achieved with second line
salvage therapy in these non-transplant eligibility patients
are generally dismal and most patients die of their disease
in less than a year.17,18 Therefore, CAR-T cell therapy, providing the only curative option for these elderly patients,
should be strongly considered.
At present, many countries employ very restrictive criteria for selecting patients to CAR-T cell therapy, considering
CAR-T cell therapy as a "highly toxic" treatment.15,19,20
According to their policies, patients that present with significant comorbidities (i.e., <45% EF, PS>1, chronic renal
disease etc.) are ineligible for CAR-T cell therapy. Thus, a
substantial proportion of elderly patients, "fulfilling these
criteria", would be ineligible for CAR-T cell therapy.
Indeed, the French group excluded 41% of all referred
DLBCL patients due to employment of these restrictive
standards. As such, the median age of CAR-T cell therapy
patients in some centers in Europe is lower than 60 years,
indicating that the majority of elderly DLBCL patients that
experienced disease relapse and required CAR-T cell therapy, were not considered for this life saving treatment.20,21
According to our data, almost all (96%) elderly patients
that were referred to CAR-T cell therapy, were found to be
haematologica | 2022; 107(5)

eligible and underwent successful apheresis. although analyzed in only a portion of the patients in the elderly group,"
lymphocyte fitness", reflected by T-cell subsets and
exhaustion markers, was non-inferior in elderly compared
with younger patients, and translated into comparable
CAR-T cell products with no increase in production failure
and similar expansion of CAR-T cells. These results are
analogous to those reported in the ZUMA-1 trial.8
Despite the fact that two thirds of our patients had a
poor PS and almost half entered CAR-T cell therapy with
increased LDH levels (reflecting highly proliferative disease), 84% were eventually transfused. This transfusion
rate is not inferior to that reported in other real life series,
including highly selective CAR-T cell programs, emphasizing the importance of logistical factors and decreasing the
time from enrollment to infusion.14,20
Acute treatment related toxicities, including CRS and
ICANS, were mainly grades 1-2, with no differences
between the cohorts as previously proposed by others.10
The relatively low incidence of high grade ICANS in both
young and elderly patients, might reflect the predominant
employment of tisagenlecleucel in our cohort of patients.
In contrast, studies focusing on early toxicity of axicabtagene, have generally reported higher rates of high grades
ICANS, especially in older aged patients.8,22 Of note, prior
cerebral vascular disease nor dementia were found to be
associated with increased risk for ICANS in our cohort of
patients.
Long-term toxicity was not higher in elderly versus
younger patients. Interestingly, a substantial number of
patients developed reactivation of CMV, and rarely, HHV6,
with no need for active intervention in the majority, and
with no infection-related sequels. This manifestation has
not been reported yet and we continue to perform routine
surveillance monitoring to further investigate post CAR-T
cell therapy virus reactivation. The risk for significant
hypogammaglobulinemia and persistent cytopenia were
not higher in the aged patient and were in line with those
reported in prior real-life series.6-8
An important finding of our study is the dual effect of
CAR-T cell therapy on patients’ quality of life, during
admission and after returning home. During hospitalization, patients reported on increase disability, aggravation in
cancer/treatment-related symptoms and worsening emotional distress. Considering that patients are usually hospitalized for 3-4 weeks, direct intervention during that period,
employing intensive physical and emotional rehabilitation
programs may help alleviating symptoms. Thereafter, those
patients who respond to CAR-T cell therapy may expect to
gain a long-term clinically meaningful improvements in
daily functioning.23 Indeed, in our cohort of patients, all
symptoms improved after several months, and patients
reported a significant progress in their quality of life.
Despite the poor features of our elderly cohort of
patients (poor PS in 66%, high LDH in approximately
40%, progressive disease and ≥3 prior lines in almost half),
the CR rate was 46.3%, similar to the CR rate reported in
the Juliet study and in other real-world series.6,8,10 CR rate
was affected by LDH level only, and was not adversely
affected by age, supporting prior smaller unmatched studies, that reported similar overall and complete response
rates in elderly versus younger patients.8 PFS in these elderly
patients was also not statistically shorter than in their
younger counterparts and was similar to that reported in
the Juliet study.6 In line with previous reports, cell of origin
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(non-GCB vs. GCB ) and high LDH level, being surrogates
for a more aggressive disease, were found to be associated
with shorter PFS.14,15 In contrast, prior autograft (indicating
the lack of primary refectory disease) and the achievement
of CR at 30 days post CAR-T cell therapy predicted
durable responses, supporting prior reports.14 The OS in
our cohort of patients was also encouraging, approaching
69% at 12 months post CAR-T transfusion. In consensus
with prior reports, administration of bridging therapy and
high LDH levels were both found to be associated with
shorter survival, whereas an achievement of CR at days 30
post CAR-T cell therapy predicted a longer survival.14,15
Our study has several limitations, mainly due to the retrospective nature and the relatively small number of
patients. In several analyses, data on potential significant
factors were missing for all or for some of the patients, e.g.,
molecular characteristics and T-cell subsets in apheresis
bags. Moreover, there were other imbalances between the
two groups (i.e., higher percentage of patients with ECOG
PS of 3 in the control group and the number of lines prior
to CAR-T cell therapy ), which might affect our results and
make it difficult to conclude if elderly patients have a
worse or a similar outcome to their younger counterparts.
Although this cohort represent non-selected real-life elderly lymphoma patients, it is possible that presumably “ineligible” patients were not referred for CAR-T cell therapy
and thus our population is still relatively “selective”.
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